SUMMARY The clinical features of 107 cases of children with hydrocephalus and measured raised intraventricular pressure were analysed retrospectively. Fifty one children had recently been diagnosed as having hydrocephalus, and the remainder had had shunts injected to direct the cerebrospinal fluid. The most common symptoms in the group were vomiting, behavioural changes, drowsiness, and headaches. The most common clinical signs were inappropriately increasing occipitofrontal head circumferences, tense anterior fontanelles, splayed sutures, and distension of the scalp veins. Half the infantile cases of hydrocephalus were without symptoms, and a quarter of the cases with cerebrospinal fluid shunts and measured raised intraventricular pressure were without signs. There were no fewer than 33 different clinical signs including several unusual ones, such as macular rash and sweating. We believe that the presentation of hydrocephalus with raised intraventricular pressure is sufficiently variable, unusual, or even absent to justify the direct measurement of intracranial pressure.
The classical adult presentation of raised intracranial pressure (headache, vomiting, and papilloedemal) is rare in children with progressive hydrocephalus. There are few studies of the clinical presentation of hydrocephalus with raised intracranial pressure either before or after an operation to divert the cerebrospinal fluid.
There are certainly no studies in which raised intracranial pressure has been confirmed by direct measurement, and such reports that do exist in children frequently include those with causes of raised intracranial pressure other than hydrocephalus alone. The aim of this study therefore was to document the symptoms and signs of 107 cases of progressive hydrocephalus (that is, hydrocephalus with raised intracranial pressure) in which the clinical features were documented and raised ventricular pressure had been confirmed on direct measurement.
Patients and methods
All the patients were admitted to the neurology unit at the Royal Hospital for Sick Children, Edinburgh, from 1975 onwards and they all had progressive hydrocephalus with or without a ventriculoperitoneal shunt in situ. Patients who had raised intracranial pressure from encephalopathies due to brain swelling or cerebrovascular congestion, or intracerebral space occupying lesions, were excluded (even if there was also hydrocephalus). Those with ventriculitis were also excluded. Table 1 shows the underlying aetiologies in the 107 cases. Hydrocephalus associated with spina bifida and idiopathic hydrocephalus were the most common presentation (65%). Fifty one of the 107 cases had clinical features and a documented recording of raised intracranial pressure before any procedure to divert the cerebrospinal fluid was undertaken (32 boys and 19 girls). Fifty six cases presented with raised intracranial pressure and ventriculoperitoneal shunts in situ, the clinical features thus representing shunt malfunction (29 boys and 27 girls). Fifty one were infants (44 of the non-shunted and seven of the shunted), 22 cases were between the ages of 1 and 4 (two of the nonshunted and 20 of the shunted), and 34 cases were aged 5 or over (five of the non-shunted and 29 of the shunted). The data that were recorded included name, age, sex, the measured intracranial pressure, the duration of symptoms and signs before the raised intracranial pressure was diagnosed, the symptoms and signs themselves, and whether or not a cerebrospinal fluid shunt had already been injected. If hydrocephalus and raised intracranial pressure (in the absence of any other cause for raised pressure) were confirmed on admission, the pro forma was completed and the data were analysed retrospectively.
The method of measurement of intracranial pressure varied; for those who presented in infancy without a shunt, it was measured percutaneously through the anterior fontanelle or through a Rickham ventriculostomy reservoir that had been inserted as an elective procedure. For those patients with ventriculoperitoneal shunts in situ, the pressure was measured through separate ventriculostomy reservoirs. It has been our practice to (28) 15 (14) 8 (7) 43 (40) 33 (31) 22 (21) 19 (17) 16 (15) 15 (14) 14 (13) 13 (12) 11 (10) 9 (8) 8 (7) 8 (7) Other less frequent symptoms were: jitteriness, sleep disturbance, sluggish valve, fits, abdominal pain, deteriorating school performance, pallor, and failure to thrive. Other less frequent signs were: tonic fits, pallor, sluggish valve, decerebration, optic atrophy, nystagmus, bradycardia, hypertension, profuse sweating, neurogenic stridor, macular rash, return of tonic neck reflex, hemiparesis, ataxia, sudden blindness, Cheyne-Stokes respiration, apnoeic or cyanotic episodes, cardiorespiratory arrest, ptosis, VII and XII cranial nerve palsies, and vasomotor changes. Secondly, some cerebrospinal fluid may be absorbed through the paranasal sinuses5 and therefore a rise in intracranial pressure may lead to facial congestion, headache, and so on-similar to an upper respiratory illness.
MOST COMMON CLINICAL SIGNS
Inappropriately increasing occipitofrontal circumference-was the most common sign in the nonshunted group and occurred in 39 (76%) of cases, all of whom were infants. This was a presenting sign, however, in only four cases (also infants) in the shunted group. Dandy in 1920 considered that all the symptoms and signs accompanying hydrocephalus were the direct result of pressure exerted by the cerebrospinal fluid.6 Though an increasing head circumference is usually a direct effect of raised intracranial pressure, there may be a secondary effect of intracranial venous obstruction leading to an increased choroid plexus capillary pressure and a subse uent further rise in cerebrospinal fluid production. Thus the expanding head circumference is compensatory and acts as a buffer.
A tense anterior fontanelle-was the second most common finding in the whole group (n=33, 65%). Distended scalp veins-were present in a third of the cases in the non-shunted group. These are usually particularly prominent in the frontal and temporal regions. Spalteholz valves are situated between the intracranial and extracranial veins, and allow a unidirectional flow to the outside. Part of the cerebral blood flow is therefore drained by these and raised intracranial pressure is transmitted to them.
'Sunsetting'-(an inability to look upwards, found mostly in infants) may initially be intermittent but later becomes continuous, and is due to pressure on the superior quadrigeminal plate against the free edge of the tentorium. There is, however, a complex of signs resulting from lesions in this area known as the Koerber-Salus-Elschnig sylvian aqueduct syndrome.8 This consists of paralysis of upward gaze, pupillary abnormalities, abnormalities of convergence and nystagmus. Sunsetting, pupillary changes, and nystagmus occurred in 30 (28%) of all cases.
Absence of symptoms-in the whole group there was an absence of symptoms despite the presence of clinical signs in 30 (28%). In the non-shunted group there were 25 patients who were symptom free (49%), all of whom were infants. Thus in infants without a shunt, progressive hydrocephalus was asymptomatic in almost half the cases, but by contrast only 7% of the shunted group were symptom free.
Absence of clinical signs in the presence of symptoms, however, occurred in 14% of the whole group and was the most frequent presentation in the shunted group (25%). We believe that this supports the case for the direct measurement of the intracranial pressure, because one cannot rely on clinical features to make the diagnosis.
Decreased Ptosis is also an unusual presentation and autonomic dysfunction such as abdominal pain and pallor were more common than we expected.
Neurogenic stridor was present in four cases, all of whom were infants before shunting. This represents deranged lower brain stem function caused by bilateral cortico-bulbar disruption, and may occur alone or with other features of pseudobulbar palsy. 13 Stridor may also occur after acute ventricular decompression of cerebrospinal fluid with an accompanying upward cone. Other evidence of pseudobulbar paresis included sucking and feeding difficulties, although frequently hydrocephalic infants with seriously raised intracranial pressure will feed and suck well. Difficulties with phonation, drooling, regurgitation, and recurrent aspiration pneumonia may also result from brain stem dysfunction.
It is of interest that papilloedema occurred in only eight cases in the whole group (8%), two of whom were infants. In infantile hydrocephalus papilloedema occurs less often than stridor, pupillary changes, and diminished level of consciousness. This is in pronounced contrast to patients with infratentorial and supratentorial tumours among whom the incidence of papilloedema is 70% and 50%, respec- 20 Twenty per cent of cases had had features present for more than one month, and six cases for more than three months. The clinical features that we recognised in those with a long duration of presentation were an insidious deterioration in school performance, intermittent headaches over many months, behavioural changes; failure to thrive, and dizziness. Many of these features resolved after relief of cerebrospinal fluid pressure.
In conclusion, therefore, we have shown the variability, unreliability, unusual nature, and even absence of the clinical features of hydrocephalus with raised intracranial pressure. Because imaging is a static investigation, and does not invariably indicate the degree or even the presence of raised intracranial pressure, we feel that our results highlight the need for direct measurement of intracranial pressure as the only sure way to establish its presence. Any unexplained clinical features in children with a cerebrospinal fluid shunt should alert the physician to the possibility of raised pressure from shunt malfunction. 
